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Abstract 

Background: Adjuvant chemotherapy (AC) in Stage II Colon Cancer (CC) is still under debate. Choice should be based on 
patients and disease characteristics. According to guidelines AC should be considered in high-risk T3N0 patients. No data 
are available for better option in low-risk patients. The aim of the study is to retrospectively evaluate relapse-free survival 
(RFS) and disease-free survival (DFS) according to treatment received in T3N0 CC. 

Methods: RFS and DFS are evaluated with Kaplan-Meier method. Multivariate Cox proportional hazard model was 
developed using stepwise regression, enter limit and remove limit were p = 0.10 and p = 0.15, respectively. 

Results: 834 patients with T3N0 CC were recruited. Median age was 69 (29-93), M/F 463/371, 335 low-risk patients (40.2%), 
387 high-risk (46.4%), 112 unknown (13.4%); 127 (15.2%) patients showed symptoms at diagnosis. Median sampled lymph 
nodes were 15 (1-76); 353 (42.3%) patients were treated with AC. Median follow up was 5 years (range 3-24). The 5-years 
RFS was 78.4% and the 5-years DFS was 76.7%. At multivariate analysis symptoms, lymph nodes, and adjuvant 
chemotherapy were prognostic factors for RFS. AC is prognostic factor for all endpoints. In low-risk group 5-years RFS was 
87.3% in treated patients and 74.7% in non-treated patients (p 0.03); in high-risk group was respectively 82.7% and 71 .4% (p 
0.005). 

Conclusions: Data confirmed the role of known prognostic factors and suggest the relevance of adjuvant chemotherapy 
also in low-risk stage II T3N0 CC patients. However, the highest risk in low-risk subgroup should be identified to be 
submitted to AC. 
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Introduction 

Prognosis of radically resected colon cancer is determined by 
the pathologic stage of the disease at the diagnosis and the most 
important determinant of survival is the presence of metastases to 
regional lymph nodes. In stage II disease there is no involvement 
of regional lymph nodes or distant sites and after surgical resection 
the overall survival is approximately 70-80% at 5 years [1-5]. 

The goal of the adjuvant chemotherapy after curative resection 
of early-stage colon cancer is to remove microscopic local or 
metastatic disease in order to reduce the risk of tumor recurrence 
and to improve survival rate. 

The role of the adjuvant chemotherapy in stage II colon cancer 
is still under debate [6-15,19-23]. According to the published 
guidelines adjuvant chemotherapy is recommended in high-risk 



stage II patients identified by the presence of poor prognostic 
features including T4 tumors, poor histologic grade (grade 3 or 4 
lesions), vascular (venous/lymphatic) or perineural invasion, 
obstruction or bowel perforation at initial diagnosis and less than 
12 analysed (retrieved) lymph nodes) [1;5- 12,24,28]. However, 
these recommendations have never been validated in the setting of 
a prospective clinical trial. 

There is not an unequivocally accepted option for patients 
with stage II without these poor prognostic factors; decision 
on adjuvant treatment must be based on thorough discus- 
sion with the patient on an individual basis taking into 
account cancer features and patient characteristics: a 
treatment with fluoropyrimidines or the only observation 
could be proposed and the enrollment in clinical trials 
should be considered. 
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Table 1. Patient Characteristics (N = 834). 



Category 


Subcategory 


1ST of patients (%) 


Median age (range) 




/in /in no\ 


Age under 80 




/b/ (yu.o) 


Median follow up (range) 




d years [5-10) 


Sex 


Men 


463 (55.5) 




Women 


O ~7 1 / A A C\ 

3/1 (44.5) 


Tumor location 


Distal 


A 31 IC 1 Q\ 
4jz \D I .OJ 




Proximal 


4Uz v 4o.zJ 


Grading 


1 


44 (5.3) 




2 


612 (73.4) 




3 


1 A A /1~7 0\ 

1 44 (I /.3) 




Unknown 


34 (4.0) 


Risk group 


Low 


335 (40.2) 




High 


3o/ (46.4) 




Unknown 


1 12 (13.4) 


Symptoms at diagnosis 


Absence 


707 (84.7) 




Bowel obstruction 


44 (5.3) 




Bleeding/Anaemia 


63 (7.6) 




Abdominal pain 


20 (2.4) 


Median sampled lymph nodes (range) 




15 (1-76) 


Treatment 


Surgery alone 


481(57.7) 




Surgery+Adjuvant Chemotherapy 


353 (42.3) 



doi:1 0.1 371 /journal.pone.00801 88.t001 



It is therefore important to identify the patients with stage II 
disease without poor prognostic factors who can benefit from 
adjuvant chemotherapy. 

In this multicenter study we retrospectively evaluated the 
relapse-free survival (RFS) and disease-free survival (DFS) related 
to treatment in patients with stage II T3N0 colon cancer. 



Patients and Methods 

From February 1990 to August 201 1, 834 patients with stage II 
T3N0 colon cancer treated with fluoropyrimidine based 
adjuvant chemotherapy or surgery alone with at least a 3-years 
follow up were recruited from six Italian centres. Patients did 
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Figure 1. The 5-years RFS (a) and DFS (b) related to treatment. 

doi:1 0.1 371 /journal.pone.00801 88.g001 
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Figure 2. The 5-years RFS and DFS related to treatment in low risk group (a,b) and in high risk group (c,d). 

doi:1 0.1 371 /journal.pone.00801 88.g002 



not receive preoperative radiotherapy or chemotherapy. The 
follow up examination period exceeded 5 years in all centres; 
patients were monitored every three months for the first 3 years, 
every six months for the next two years and then annually. Data 
concerning treatments, recurrence and prognosis were retro- 
spectively collected. According to the presence of the afore- 
mentioned prognostic features patients were divided into two 
groups: high risk [poor histologic grade (grade 3 or 4 lesions), 
vascular (venous/lymphatic) or perineural invasion, bowel 
obstruction at initial diagnosis and less than 12 analysed 
(retrieved) lymph nodes] and low risk stage II colon cancer. 
We obtained approval from our ethics committee (Ethics 
Committee, ASL Frosinone) and received a formal written 
consent. Patients provided written informed consent. 



Statistical analysis 

Descriptive statistics was used to describe the patient charac- 
teristics. The receiver operating characteristics (ROC) analysis and 
Maximally Selected Rank Statistics were performed in order to 
find possible optimal cut-offs of the lymph nodes capable of 
splitting patients into groups with different outcomes probabilities. 
The Hazard risk and the confidence limits were estimated for each 
variable using the Cox univariate model. Significance was defined 
at the p£0.05 level. A multivariate Cox proportional hazard 
model was also developed using stepwise regression (forward 
selection) by selecting those predictive variables that were 
significant upon univariate analysis. Enter limit and remove limit 
were p = 0.10 and p = 0.15 respectively. Kaplan-Meier method 
was used to estimate survival curves and differences between 
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Figure 3. The 5-years overall survival curves related to treatment in low risk group. 

doi:1 0.1 371 /journal. pone.0080188.g003 



subgroups them was assessed by the log-rank test. All significance 
was defined at the p<0.05 level. Significance was defined at the 
p^0.05 level. SPSS software (version 18.0, SPSS Inc., Chicago, 
Illinois, USA), R-Software (version 2.6.1) and MedCalc® (10.0.1) 
were used for all statistical evaluations. 

Results 

Patient characteristics are listed in Table 1. We identified 335 
patients with low risk and 387 with high risk; for 1 12 patients it 
was not possible to define the group of risk because of lack of some 
histologic features. 

The median follow up was 5 years (range 3-20). Recurrence of 
disease was appreciated in 1 38 patients: 44 patients with low and 
68 with high risk respectively; 21 (2.5%) patients developed a 
second primary cancer. 

Survival analysis was performed only for patients younger than 
80 and with at least a 3-years follow up from surgery (85%). 

The 5-year relapse-free survival (RFS) was 78.4% and the 5- 
year disease-free survival (DFS) was 76.7%. 

The 5-year RFS in the low risk group was 81.1% and 77.4% in 
the high risk group (p 0.06), respectively. 



Table 2. Univariate analysis. 



The analysis of relapse-free survival related to the selected 
prognostic factors evidenced that the 5-years RFS was 65.4% for 
patients that presented bowel obstruction at diagnosis and 79.2% 
for those without symptoms or with minor symptoms (p 0.002). 

The relapse-free survival related to sampled lymph nodes was 
84.8% for a number of nodes >16 and 74.7% for a number <16 
(p 0.04). 

Analysing the patient's data in relationship with the treatment 
received, we found that patients who underwent to surgery and 
adjuvant chemotherapy had a benefit in terms of RFS and DFS (p 
0.0001 and p 0.0008, respectively; Fig. 1). 

The analysis for subgroup evidenced that in low risk group 5- 
years RFS was 87.3% in treated patients and 74.7% in non-treated 
patients (p 0.03; Fig. 2a) whereas in high risk group was 
respectively 82.7% and 71.4% (p 0.005; Fig. 2c). 

In low risk group the disease-free survival was 86.4% in treated 
patients and 72.4% in patients who underwent to surgery alone (p 
0.04; Fig. 2b). In high risk group the DFS was respectively 80.5% 
and 70.3% (p 0.01; Fig. 2d). 

The 5-years survival rate of all patients with T3N0 stage II 
colon cancer was 89. 1 %. In low risk group the overall survival rate 
was 98.7% for patients treated with adjuvant chemotherapy and 



Variables 


DFS 




RFS 




OS 




HR (CI 95%) 


P 


HR (CI95%) 


P 


HR (CI95%) 


P 


BO vs no S 


2.50 (1.47-4.26) 


0.001 


2.76 (1.62-4.72) 


<0.0001 


1 .98 (0.79-4.95) 


0.15 


>68 yr vs <68 yr 


1.50 (1.09-2.06) 


0.01 


1.46 (1.04-2.04) 


0.03 


2.02 (1.20-3.40) 


0.008 


M vs F 


1.48 (1.07-2.04) 


0.02 


1.40 (1.0-1.96) 


0.05 


1.63 (0.95-2.78) 


0.08 


No AC vs AC 


1.80 (1.31-2.49) 


<0.0001 


1.96 (1.39-2.76) 


<0.0001 


2.46 (1.39-4.33) 


0.002 


Distal vs Proximal 


1.57 (1.11-2.21) 


0.01 


1.72 (1.20-2.47) 


0.003 


1.41(0.81-2.45) 


0.22 


LN <16 vs >16 


1.47 (1.01-2.12) 


0.04 


1.58 (1.07-2.35) 


0.02 


1.57 (0.80-3.09) 


0.19 


Grading 3 vs 1-2 


1.05 (0.68-1.60) 


0.84 


1.09 (0.70-1.69) 


0.71 


1 .69 (0.72-3.94) 


0.23 



BO: bowel obstruction; S: Symptoms; M: male; F: female; AC: adjuvant chemotherapy; LN: lymph nodes; yr: year. 
doi:1 0.1 371 /journal.pone.00801 88.t002 
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Table 3. Multivariate analysis. 





Variables 


DFS 




RFS 




OS 




HR (CI 95%) 


P 


HR (CI95%) 


P 


HR (CI95%) 


P 


BO vs no S 


2.63 (1.46-4.74) 


0.001 


2.87 (1.58-5.20) 


0.001 




ns 


>68 yr vs <68 yr 




ns 




ns 


1 .64 (0.94-2.88) 


0.08 


M vs F 


1.52 (1.04-2.22) 


00.03.00 


1.51 (1.01-2.25) 


0.04 


16.7 (0.96-2.93) 


0.07 


No AC vs AC 


2.06 (1.41-4.74) 


<0.0001 


2.30 (1.54-3.45) 


<0.0001 


2.15 (1.19-3.86) 


0.01 


Distal vs Proximal 


1.52 (1.04-2.23) 


0.03 


1.72 (1.14-2.59) 


0.01 




ns 



BO: bowel obstruction; S: Symptoms; M: male; F: female; AC: adjuvant chemotherapy, ns: not statistical significant;yr:year. 
doi:1 0.1 371 /journal.pone.00801 88.t003 



89.7% for patients treated with surgery alone (p = 0.003; Fig. 3). In 
high risk group the overall survival rate was 92.7% and 88.8% for 
patients treated with chemotherapy and surgery alone, respectively 
(p = 0.04). 

At univariate analysis sex, age, site, symptoms, sampled lymph 
nodes and treatment were statistically significant (Table 2). 

At multivariate analysis the only statistically significant variables 
are shown in Table 3. 

Discussion 

Even though adjuvant chemotherapy is the standard of care in 
stage III colon cancer, its routine use in patients with stage II colon 
cancer is still controversial [ 1 ; 3—8] . 

Recently CALGB 9581 study developed an observational data 
set of uniformly staged and treated patients describing the 
prognosis of untreated stage II disease and showing a 5-year all- 
cause OS of 0.86, with a 5-year disease-specific OS of 0.93. [31]. 
This notable OS and the low probability of disease-related death 
could enable the demonstration of a benefit from any adjuvant 
therapy in stage II colon cancer without accruing thousands of 
patients. 

According to the most important guidelines, some clinical and 
pathologic prognostic factors (ie, intestinal perforation/obstruc- 
tion, pathologic stage T4, presence of lymphatic/vascular/ 
perineural invasion, high tumor grade, less than 12 nodes 
examined) can identify a minority of patients with stage II disease 
who have higher recurrence risk and who could benefit from 
adjuvant chemotherapy in current clinical practice. 

The Quick and Simple and Reliable (QUASAR) study 
appreciated that adjuvant chemotherapy with fluorouracil (FU) 
plus leucovorin (LV) produces an absolute improvement in 
survival of 3.6% in stage II colon cancer, which should however 
be balanced with its toxicity, including toxic deaths (approximately 
0.5%) [9] This narrow therapeutic index makes it extremely 
important to select those patients who reserve the adjuvant 
treatment. 

Some recent studies suggest that in patients with stage II 
disease a deficiency in DNA mismatch repair (dMMR) protein 
expression and high microsatellite instability (MSI-H) are 
markers of a more favourable outcome. The inactivation of a 
DNA mismatch repair (MMR) gene by germline mutation, as in 
Lynch Syndrome, or more frequently, by sporadic transcrip- 
tional silencing results in deficient function of the MMR system 
and an accumulation of errors in DNA within microsatellites 
that is termed MSI. 

The dMMR was predominantly seen in women, especially older 
women, compared with men, and in parts of the colon proximal to 



the splenic flexure, including the transverse colon [29-30]. Its 
detection can identify a subset of stage II colon cancer patients 
(10%— 15%) in whom the benefits of chemotherapy are not 
sufficiently high to warrant further treatment because of a very low 
likelihood of recurrence and an absolute benefit from chemother- 
apy of l%-2%. [17-18,25-27,32]. 

Nevertheless, in contrast to previous observations, the availabil- 
ity of more cumulative data from retrospective analyses revealed 
that MMR status can not be used to predict response to 
fluoropyrimidine therapy in stage II colon cancer [33]. 

Although genomic signatures are a rapidly emerging field and 
have a potentially high prognostic value, none of these signatures is 
ready for clinical use and is currently predictive for guiding 
decision on adjuvant treatment in stage II colon cancer [34-35]. 

In our study we analysed patients with T3N0 colon cancer 
dividing them into two groups of risk based on the presence of at 
least one of the aforementioned poor prognostic factors (with the 
esclusion of pathologic T4 and perforated tumors, for which is 
known the benefit of adjuvant chemotherapy) to evaluate if 
adjuvant chemotherapy after surgery could improve their prog- 
nosis. 

As previously reported we confirmed the improvement in RFS 
and in DFS with the use of adjuvant chemotherapy in high risk 
stage II patients and showed a statistically significant benefit also in 
the low risk group in which the 5-years RFS was 87.3% in treated 
patients and 74.7% in non-treated patients (p 0.03) and DFS was 
86.4% in treated patients and 72.4% in patients who underwent to 
surgery alone (p 0.04). 

At multivariate analysis the presence of symptoms at initial 
diagnosis, sex, treatment and site were confirmed as prognostic 
factors for RFS, while adjuvant chemotherapy was prognostic 
factors for all the end-points. Patient's age had prognostic value for 
overall survival. 

In several studies both bowel occlusion and tumor perforation 
have been identified as prognostic poor factors for the speading of 
tumor cell in the blood flow and the seeding of tumor cells in the 
peritoneal cavity respectively [28] . 

A survival benefit for patients with an extensive examination of 
lymph nodes for stage II colon cancers was also demonstrated and 
an adequate resection of lymph nodes should be performed in 
order to control local recurrence as well [16,36]. The most 
important American and European guidelines demand at least 1 2 
lymph nodes to be sampled and examined to accurately determine 
the stage of colon cancer [1,6,16]. The relationship between 
lymph node retrieved and survival is however not completely 
understood because no proof that distant metastases can derive 
from lymph node metastases has so far yielded [37]. 
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In a recent prospective study Santos and coll. confirmed 
pT4 and lymphatic, venous, or perineural invasion as 
significant poor prognostic factors for RFS in 432 patients 
with stage II colon cancer. Differently from our findings the 
authors also showed a favourable role of female gender in 
their series [38]. 

In our retrospective study we excluded from the analysis pT4 
and the lack of some pathologic information could not allow to 
recognise vascular and/or perineural invasion as prognostic 
negative factors. 

Even though toxicity data were not analysed in this report, our 
data suggest an effective role of adjuvant chemotherapy also in low 
risk stage II colon cancer: new molecular prognostic factors as 
dMMR and MSI-I may identify the patients that can really benefit 
from adjuvant treatment; gene signature represents a potential 
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